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(54) Title: ILLUMINATION UNIT AND LIQUID CRYSTAL DISPLAY DEVICE 



(57) Abstract 

An illumination unit according to the invention comprises a 
high-frequency supply (1) and a low-pressure discharge lamp (2). The 
high-frequency supply (1) is provided with a first and a second output 
(13a, 13b). The outputs each deliver an HF-varying voltage with respect 
to ground. Hie voltages have the same magnitude and are in phase 
opposition. The supply (1) is provided with a further output (13c) which 
is substantially free of high-frequency voltage variations with respect to 
ground. The low-pressure discharge lamp (2) is provided with a tubular 
discharge vessel (20) with an ionizable filling. The discharge vessel 
comprises a first and a second external electrode (23a, 23b), which are 
arranged at opposite ends (24a, 24b, respectively) of the discharge vessel 
and which are connected to the first and the second output (13a, !3b) 
of the supply (1). According to the invention, the illumination unit is 
characterized in that the discharge vessel (20) includes a further external 
electrode (23c) wh^ch is arranged centrally between the ends (24a, 24b) 
of the discharge vessel (20), said external electrode being connected to 
the further output (13c) of the supply (1). The measure in accordance 
with the invention results in a more uniform brightness distribution of 
the discharge vessel (20). 
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The invention relates to an illumination unit, comprising: 

a high-frequency supply having a first and a second output for supplying a high- 
frequency varying voltage relative to ground, said voltages having the same magnitude and 
being in phase opposition, said high-frequency supply being provided with a further output 
which is substantially free of high-frequency voltage variations relative to ground; and 

a low-pressure discharge lamp having a tubular discharge vessel with an 
ionizable filling, which discharge vessel comprises a first and a second external electrode, 
which are arranged on either side of the discharge vessel and which are connected to, 
respectively, the first and the second output of the supply. 

The invention also relates to a liquid crystal display device comprising such an 
illumination unit. 

Such an illumination unit is disclosed in "Frequency Dependence of RF-Driven 
Subminiature Fluorescent Lamps \ Alexandrovich et al., J. of the 111. Eng. Soc, Winter 
1996, pp. 93-99. The lamp described in this document is a low-pressure mercury discharge 
lamp having a length of 20 cm and an internal diameter of 5.2 mm. A supply having a first 
and a second output terminal whose voltages have the same magnitude and are in phase 
opposition, will hereinafter also be referred to as a symmetrical supply. By using a 
symmetrical supply, interference is counteracted. Such illumination units are widely used as a 
backlight in liquid crystal display devices. Since the lamp is operated by means of external 
electrodes, a long service life can be achieved. A sufficiently efficient operation of such 
lamps requires, however, a high operating frequency, for example, of the order of one MHz 
and higher. In the known illumination unit, the operating frequency is 13.56, 27.12 or 40.68 
MHz. It has been found that at high operating frequencies, deviations from a uniform 
brightness distribution readily occur as a result of parasitic capacitances between the 
discharge vessel and neighboring conductors. However, for applications in a display device, 
a uniform brightness distribution across the discharge vessel is very important. 

It is an object of the invention to provide an illumination unit of the type 
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described in the opening paragraph, which has a more uniform brightness distribution across 
the discharge vessel. In accordance with the invention, to achieve this the illumination unit of 
the type described in the opening paragraph is characterized in that the discharge vessel of 
the low-pressure discharge lamp comprises a further external electrode which is centrally 
5 arranged between the ends of the discharge vessel and which is connected to the further 
output of the supply. 

By virtue of the presence of said further external electrode, a much more 
uniform brightness distribution is achieved. This is surprising, since one would expect that, 
centrally between its ends, the symmetrical-supply operated discharge vessel already is at a 

10 potential which is free of high-frequency voltage variations relative to ground. 

It is noted that in US-A 5 325 024, a description is given of an illumination unit 
which is provided with a lamp having external electrodes and with a high-frequency supply 
having a first and a second output, which each supply a high-frequency varying voltage, said 
voltages having the same magnitude and being in phase opposition. Said supply also includes 

15 a further output which is grounded and hence is free of high-frequency voltage variations 
relative to ground. Various pairs of lamps are connected to the supply, each pair including a 
first lamp whose external electrodes are connected to the first and the further output, and a 
second lamp whose external electrodes are connected to the second and the further output. In 
the illumination unit of US-A 5 325 024, there is a risk that the lamps exhibit differences in 

20 brightness caused by manufacturing tolerances. 

It is further noted that DD 155 876 discloses an illumination unit comprising a 
supply and a low-pressure discharge lamp. The supply of this illumination unit has a first 
output which supplies a high-frequency varying voltage relative to ground, and a further 
output which is grounded and hence free of high-frequency voltage variations relative to 

25 ground. Various external electrodes are connected to each of the outputs. The external 

electrodes connected to the first output are arranged between the electrodes connected to the 
further output. The supply of the illumination unit does not have a second output which 
supplies a voltage which is of the same magnitude as, and opposite in phase to, the voltage 
of the first output. As a result, the low-pressure discharge lamp of DD 155 876 is operated 

30 asymmetrically, which leads to electromagnetic interference. 

An attractive embodiment of the illumination unit in accordance with the 
invention is characterized in that the supply is provided with a high-frequency supply source 
and a transformer having a primary winding and a secondary winding, said primary winding 
of the transformer being connected to the high-frequency supply source, the first and the 
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second output each being connected to an end of the secondary winding, and the further 
output being connected to a center tap of the secondary winding. This embodiment has the 
advantage that the supply source itself does not have to supply a symmetrical voltage and 
hence can be of a relatively simple construction. In this embodiment, use is made, for 
5 example, of a supply source as described in US 4 748 383, in which the primary winding of 
the transformer takes the place of the coil of the electroless lamp. The supply source of 
US 4 748 383, has an ac/dc converter formed by a diode bridge, and a dc/ac converter 
formed by a half-bridge circuit with FETs as switching elements. The center tap of the 
secondary winding of the transformer may be grounded, but may alternatively be connected 
10 to one of the conductors of the mains, or may be floating. In another embodiment, a full- 
bridge circuit is used as the dc/ac converter. In yet another embodiment, the dc/ac converter 
is embodied so as to be a push-pull convener. In said embodiments, the use of a transformer 
is superfluous. 

By virtue of its uniform brightness distribution, the low-pressure discharge lamp 
15 of the illumination unit in accordance with the invention is particularly suitable for use in a 
display device. Therefore, the invention also relates to a liquid crystal display device, 
characterized in that said liquid crystal display device is provided with an illumination unit 
which comprises: 

a high-frequency supply having a first and a second output for supplying a high 
20 frequency varying voltage relative to ground, said voltages having the same magnitude and 
being in phase opposition, said high-frequency supply being provided with a further output 
which is substantially free of high-frequency voltage variations relative to ground; and 
a low-pressure discharge lamp, having a tubular discharge vessel with an 
ionizable filling, which discharge vessel comprises a first and a second external electrode, 
25 which are arranged on either side of the discharge vessel and which are connected to, 
respectively, the first and the second output of the supply; 

said discharge vessel of the low-pressure discharge lamp comprising a further 
external electrode which is centrally arranged between the ends of the discharge vessel and 
which is connected to the further output of the supply. 
30 For this application, it is attractive if the ionizable filling of the discharge vessel 

of the low-pressure discharge lamp comprises mercury and if the discharge vessel is provided 
with a luminescent layer at its inner surface. In this embodiment, the low-pressure discharge 
lamp of the illumination unit has a high light efficiency and the spectral characteristic of the 
light generated can be readily adapted by means of the composition of the luminescent layer. 
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The discharge vessel may be embodied so as to be, for example, planar, or 
bent, for example spirally bent. For use in a display device, the illumination unit in 
accordance with the invention is preferably characterized in that the discharge vessel is bent 
so as to meander in a plane. A discharge vessel bent into such a shape can be readily 
5 manufactured. A uniform illumination of the display device can be readily achieved in this 
embodiment. 

These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments described hereinafter. 

10 

In the drawings: 

Figs. 1, 2 and 3 successively show schematic representations of a first, second 
and third embodiment of the illumination unit in accordance with the invention, and 

Fig. 4 schematically shows a liquid crystal display device provided with an 

15 illumination unit in accordance with the invention. 

Fig. 1 shows an illumination unit which comprises a high-frequency supply 1 
and a low-pressure discharge lamp 2. The high-frequency supply 1 is provided with an ac/dc 
converter 10, a dc/ac converter 11 and a transformer 12. The ac/dc converter is provided 
with input terminals 10a, 10b for connection to the mains. The dc/ac converter 1 1 is formed 

20 by a half-bridge circuit and has output terminals 11a, lib to which a primary winding 12a of 
the transformer is connected. Said transformer has a secondary winding with ends 12c, 12d 
and a center tap 12e. The ends 12c, 12d are successively connected to a first output 13a and 
a second output 13b of the supply 1. The center tap 12e is connected to a further output 13c. 
The first and the second output 13a, 13b each supply a voltage with a frequency of 2.65 

25 MHz. The voltages supplied have the same magnitude, in this case an amplitude of 300 V, 
and are in phase opposition. The further output 13c is grounded and hence substantially free 
of high-frequency voltage variations relative to ground. 

The lamp 2 has a tubular discharge vessel 20 with a length of 114 cm, an 
internal diameter of 5 mm and a wall thickness of 0.9 mm. The inner surface 21 of said 

30 discharge vessel 20 is coated with a luminescent layer 22 which is composed of a mixture of 
blue-luminescent barium magnesium aluminate activated with bivalent europium, green- 
luminescent cerium magnesium aluminate activated with trivalent terbium and red- 
luminescent yttrium oxide activated with trivalent europium. The discharge vessel 20 is 
provided with an ionizable filling formed by argon with a filling pressure of 8 mbar and 5 
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mg mercury. In another embodiment, a luminescent layer is absent, and the ionizable filling 
of the discharge vessel comprises exclusively an inert gas, for example one or more noble 
gases. The discharge vessel 20 is provided with a first and a second external electrode 23a, 
23b, respectively, which are arranged on either side 24a, 24b, respectively, of the discharge 
5 vessel and which are connected to, respectively, the first and second output 13a, 13b of the 
supply 1. In this case, the first and second electrodes 23a, 23b are embodied so as to be 
cylindrical collars of copper foil having a length of 15 mm. 

The discharge vessel 20 of the lamp comprises a further external electrode 23c 
which is centrally arranged between the ends 24a, 24b of the discharge vessel and which is 
10 connected to the further output 13c of the supply 1. Said further external electrode 23c is 
embodied so as to be a ring having a width of 1 mm, and is also made of copper foil. 

During nominal operation, the power consumption of the lamp was 17 W. The 
lamp demonstrated a uniform brightness distribution. 

For comparison, an illumination unit not in accordance with the invention was 
15 manufactured, which differs from the illumination unit in accordance with the invention in 
that a further external electrode is absent. The illumination unit not in accordance with the 
invention demonstrated clearly visible brightness differences throughout its length. 

A second embodiment of the illumination unit in accordance with the invention 
is shown in Fig. 2. In Fig. 2, parts corresponding to parts in Fig. 1 have a reference 
20 numeral which is 100 higher. In the illumination unit shown in Fig. 2, the supply is provided 
with a dc/ac converter 1 1 1 which is embodied so as to be a full-bridge circuit. Said full- 
bridge circuit has input terminals 1 14, i 14' which are connected to a direct current source 
110, for example the outputs of an ac/dc converter. The input terminals 114, 114' are 
interconnected via a first and a second series connection. The first series connection includes 
25 a first and a second switching element 1 15a, 1 15a'. The second series connection also 

includes a first and a second switching element 115b, 115b*. The first output is formed by a 
common point 113a of the switching elements 115a, 115a' in the first series connection. The 
second output is formed by a common point 113b of the switching elements 115b, 115b' in 
the second series connection. In the embodiment shown, one of the input terminals of the 
30 full-bridge circuit, in this case the input terminal 114 having a negative polarity, serves as 
the further output 113c. Said further output 113c is at a constant potential and hence free of 
high-frequency voltage variations relative to ground. The four switching elements 115a, 
115a', 115b, 115b' are controlled by control means 116. On the one hand, simultaneously, 
the first switching element 1 15a of the first series connection and the second switching 
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element 115b' of the second series connection, and, on the other hand, simultaneously the 
second switching element 115a' of the first series connection and the first switching element 
1 15b of the second series connection are alternately rendered conductive by the control 
means 116. 

A third embodiment of the illumination unit in accordance with the invention is 
shown in Fig. 3. In Fig. 3, parts corresponding to parts in Fig. 1 have a reference numeral 
which is 200 higher, and parts corresponding to parts of Fig. 2 have a reference numeral 
which is 100 higher. In the illumination unit shown in Fig. 3, the supply comprises a dc/ac 
converter 211 which is embodied so as to be a push-pull converter. As in the embodiment 
shown in Fig. 2, input terminals 214, 214', which are connected to a direct-current source 
210, are bridged by a first and a second series connection, in this case a coil and a switching 
element. The first series connection includes a coil 217a and a switching element 215a, the 
second series connection includes a coil 217b and a switching element 215b. The first output 
213a is formed by a common point of the coil 217a and the switching element 215a in the 
first series connection. A common point of the coil 217b and the switching element 215b in 
the second series connection forms the second output 213b. The further output 213c is 
formed by one of the input terminals of the DC/AC converter, in this case the input terminal 
214 with a positive polarity. The further output 213c is free of high-frequency voltage 
variations relative to ground. The switching elements 215a, 215b are alternately rendered 
conductive by the control means 216. 

In Fig. 4, parts corresponding to parts shown in Fig. 1 have the same reference 
numeral. Fig. 4 schematically shows a liquid crystal display device 3 provided with an 
illumination unit 1, 2 in accordance with the invention. The liquid crystal display device 3 
and the low-pressure discharge lamp 2 of the illumination unit together form an assembly, 
which is shown in an exploded view in Fig. 4. In the example shown in Fig. 4, the liquid 
crystal display device 3 and the low-pressure discharge lamp are jointly accommodated in a 
housing 4, which is provided with mounting means (not shown) and, possibly, with a support 
40. The low-pressure discharge lamp 2, which is bent so as to be meander- shaped, is 
situated in a plane which extends parallel to that in which the liquid crystal display device 3 
is situated. A diffusor 5, which is supported by walls 41 of the housing, is arranged between 
the low-pressure discharge lamp 2 and the display device 3. 
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1. An illumination unit, comprising: 

a high-frequency supply (1) having a first (13a) and a second (13b) output for 
supplying a high-frequency varying voltage relative to ground, said voltages having the same 
magnitude and being in phase opposition, said high-frequency supply (1) being provided with 
a further output (13c) which is substantially free of high-frequency voltage variations relative 
to ground; and 

a low-pressure discharge lamp (2) having a tubular discharge vessel (20) with 
an ionizable filling, which discharge vessel (2) comprises a first (23a) and a second (23b) 
external electrode, which are arranged on either side (24a, 24b) of the discharge vessel (20) 
and which are connected to, respectively, the first and the second output (13a, 13b) of the 
supply (1), 

characterized in that the discharge vessel (20) of the low-pressure discharge lamp (2) 
comprises a further external electrode (23c) which is centrally arranged between the ends 
(24a, 24b) of the discharge vessel (20) and which is connected to the further output (13c) of 
the supply (1). 

2. An illumination unit as claimed in claim 1, wherein the supply (1) is provided 
with a high-frequency supply source (1 1) and a transformer (12) having a primary winding 
(12a) and a secondary winding (12b), said primary winding (12a) of the transformer being 
connected to the high-frequency supply source (11), the first and the second output (13a, 
13b) each being connected to an end (12c, 12d) of the secondary winding (12b), and the 
further output (13c) being connected to a center tap (12e) of the secondary winding (12b). 

3. An illumination unit as claimed in claim 1 or 2, wherein the ionizable filling of 
the discharge vessel (20) of the low-pressure discharge lamp (2) comprises mercury and 
wherein the discharge vessel is provided with a luminescent layer (22) at its inner surface 
(21). 



4. 



An illumination unit as claimed in claim 1 or 2, wherein the discharge vessel 
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(20) is bent so as to meander in a plane. 

5. A liquid crystal display device (3), characterized in that said liquid crystal 
display device is provided with an illumination unit which comprises: 

5 a high-frequency supply (1) having a first (13a) and a second output (13b) 

supplying a high-frequency varying voltage relative to ground, said voltages having the same 
magnitude and being in phase opposition, said high-frequency supply (1) being provided with 
a further output (13c) which is substantially free of high-frequency voltage variations relative 
to ground; and 

10 a low-pressure discharge lamp (2) having a tubular discharge vessel (20) with 

an ionizable filling, which discharge vessel (20) comprises a first (23a) and a second (23b) 
external electrode, which are arranged on either side (24a, 24b) of the discharge vessel (20) 
and which are connected to, respectively, the first and the second output (13a, 13b) of the 
supply (1); 

15 said discharge vessel (20) of the low-pressure discharge lamp (2) comprising a 

further external electrode (23c) which is centrally arranged between the ends (24a, 24b) of 
the discharge vessel (20) and which is connected to the further output (13c) of the supply (1). 

6. A liquid crystal display device as claimed in claim 5, wherein the supply (1) is 
20 provided with a high-frequency supply source (1 1) and a transformer (12) having a primary 

winding (12a) and a secondary winding (12b), said primary winding (12a) of the transformer 
being connected to the high-frequency supply source (11), the first and the second output 
(13a, 13b) each being connected to an end (12c, 12d) of the secondary winding (12b), and 
the further output (13c) being connected to a center tap (12e) of the secondary winding 
25 (12b). 

7- A liquid crystal display device as claimed in claim 5 or 6, wherein the ionizable 

filling of the discharge vessel (20) of the low-pressure discharge lamp (2) comprises mercury 
and wherein the discharge vessel is provided with a luminescent layer (22) at its inner 
30 surface (21). 

8. A liquid crystal display device as claimed in claim 5 or 6, wherein the 

discharge vessel (20) is bent so as to meander in a plane. 



WO 99/25001 PCIYIB98/0J726__ \ 

* I 

1/3 j 



20 





FIG.1 



-WO 99/25001 



i 



PCT/IB98/01726 . 




1 



INTERNATIONAL SEARCH REPORT 




International application No. 






f 


PCT/IB 98/01726 





A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: H01J 61/067, G02F 1/1335 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC6: G02F, HOI J 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



WPI 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5070273 A (WILLEM J. VAN DEN BOGERT ET AL), 
3 December 1991 (03.12.91), column 3, 
line 15 - column 4, line 39, figures 1-4, 
abstract 



Patent Abstracts of Japan, abstract of JP 

9-245745 A (NEC HOME ELECTRON LTD), 19 Sept 1997 
(19.09.97) 



US 5089943 A (L0THAR WOLFELSCHNEIDER) , 
18 February 1992 (18.02.92), column 2, 
line 16 - line 54, figure 1, abstract 



1-8 



1-8 



1-8 



□ 



Further documents are listed in the continuation of Box C. 



Sec patent family annex. 



* Special categories of cited documents: 

* A* document defining the general state of the art which is not considered 

to be of particular relevance 

*E" erlier document but puhlished on or after the international filing date 

"V document which may throw doubts on priority claim(s) or which is 
cited to establish the publication dale of another citation or other 
special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or other 
means 

T" document published prior to the international filing date but later than 
the priority date claimed 



T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X* document of particular relevance: the claimed invention cannot he 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

* V document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

*&" document member of the same patent family 



Date of the actual completion of the international search 

15 March 1999 


Date of mailing of trie international search report 

18 -03- 1999 


Name and mailing address of the ISA / 

Swedish Patent Office 

Box 5055, S-102 42 STOCKHOLM 

Facsimile No. +46 R 666 02 86 


Auth ori 7.ed ofli cer 

Karin Safsten 

Telephone No. + 46 8 782 25 00 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/IB 98/01726 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5325024 A (ROBERT B. PIEJAK ET AL), 
28 June 1994 (28.06.94), abstract 



US 4748383 A (HENK HOUKES), 31 May 1988 
(31.05.88), figure 1, abstract 



1-8 



1-8 



Form PCT/1S A/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members < 

02/03/09 


International application No. 

PCT/IB 98/01726 




i 


Patent document 
cited in search report 


Publication 
date 


Patent family 
membcr(s) 


Publication 
date 


i 

i 
j 



US 5070273 A 03/12/91 CN 1019717 B 30/12/92 

CN 1035393 A 06/09/89 

DE 68926921 D,T 13/03/97 

EP 0329226 A,B 23/08/89 

KR 9707291 B 07/05/97 

NL 8800478 A 18/09/89 



US 


5089943 


A 


18/02/92 


CA 


2026087 A 


08/06/91 










DE 


3940506 A 


13/06/91 










DE 


5900112 A 


06/05/93 










EP 


0431246 A,B 


12/06/91 


us 


5325024 


A 


28/06/94 


CA 


2108435 A 


17/04/94 










DE 


69317500 D,T 


19/11/98 










EP 


0593311 A,B 


20/04/94 


us 


4748383 


A 


31/05/88 


CA 


1260055 A 


26/09/89 










EP 


0222441 A,B 


20/05/87 










JP 


2613874 B 


28/05/97 










JP 


62107684 A 


19/05/87 










NL 


8503008 A 


01/06/87 



Form PCT/ISA/210 (patent family annex) (July 1992) 




FIG, 3 



